The propagation of magneto-thermoelastic disturbances in an elastic half-space caused by the application of a thermal shock on the stress-free bounding surface in contact with vacuum is investigated. The theory of thermoelasticity III proposed by Green and Naghdi is used to study the interaction between elastic, thermal, and magnetic fields. Small-time approximations of solutions for displacement, temperature, stress, perturbed magnetic fields both in the vacuum and in the half-space are derived. The solutions for displacement, temperature, stress, perturbed magnetic field in the solid consist of a dilatational wave front with attenuation depending on magneto-thermoelastic coupling and also consists of a part diffusive in nature due to the damping term present in the heat transport equation, while the perturbed field in vacuum represents a wave front without attenuation traveling with Alfv'en acoustic wave speed. Displacement and temperatures are continuous at the elastic wave front, while both the stress and the perturbed magnetic field in the half-space suffer finite jumps at this location. Numerical results for a copper-like material are presented.
Formulation of the problem and basic equations
We consider a homogeneous, isotropic, thermally and electrically conducting elastic halfspace D : x ≥ 0 at a uniform reference temperature θ 0 in contact with a vacuum D : x < 0. We suppose that in both media, there is an initial uniform magnetic field of intensity H 0 acting in the z-direction so that H 0 = (0,0,H 0 ), where H 0 is a constant. At the instant t = 0+, we assume that the stress-free plane boundary x = 0 is suddenly heated to a temperature T 0 and left in this state.
The thermal shock T = T 0 H(t), where H(t) is the Heavy-side unit step function, produces in the half-space a magneto-elastic wave which depends on the spatial coordinate x and time t. At the same time, an electromagnetic wave is radiated into the vacuum [7] .
The simplified linearized equations of electrodynamics of slowly moving continuous media having perfect electrical conductivity are
where h and E denote perturbations of the magnetic and electric fields, respectively, j is the electric current density vector, H 0 is the initial constant magnetic field, u is the mechanical displacement vector, µ e is the magnetic permeability, and c is the velocity of light. The displacement equations of motion in magneto-thermoelasticity are
where ( j × B) is the electromagnetic body force, B is the magnetic induction vector, λ,µ are Lame's constants, γ = (3λ + 2µ)α t , α t is the coefficient of linear thermal expansion, T is the temperature increase above the reference temperature θ 0 , and ρ is the constant mass density. After linearization,
2), then, after linearization, reduces to
The heat transport equation in the theory of thermoelasticity (type III) presented by Green and Naghdi [5] (in absence of heat sources) is
where C v is the specific heat at constant strain, K is the thermal conductivity, and K * is a material constant characteristic of the theory. It may be noted that the third model represented by (2.5) of Green and Naghdi [5] for heat transport in solids accommodates infinite thermal wave speed due to the presence of third-order mixed derivative term present on the right-hand side of (2.5) and it involves thermal damping. As such, the corresponding thermoelastic model admits coupled damped thermoelastic waves. Since the disturbances depend on the spatial coordinate x and time t, we assume, for one-dimensional deformation,
For H 0 = (0,0,H 0 ), (2.1) reduces to
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The second equation of (2.7), on integration, yields h z = −H 0 (∂u/∂x) for a perfect conductor. Equations (2.4) and (2.5), in one-dimensional case, for a perfect conductor simplify to
where a 0 = µ e H 2 0 /4πρ is the Alfv'en wave velocity of the medium. The system of Maxwell's equations in vacuum is expressed as
where h 0 and E 0 are the perturbed magnetic field and the electric field in vacuum. These give
These equations yield the following equations satisfied by E 0 and h 0 :
In one-dimensional case, this reduces to
12)
The components T 11 and T 0 11 of Maxwell's stress tensors in the elastic medium and in vacuum are given by
The total stress in the half-space is composed of Hooke's mechanical stress and Maxwell's stress. Thus, the total stress in the half-space is 14) where σ 11 is the Hooke mechanical stress.
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Boundary conditions. (i) The continuity of total stress composed of thermoelastic and electromagnetic stress across the boundary x = x = 0 yields
(ii) The tangential component of E-field is continuous across x = x = 0, which leads to
We assume that the system is at rest initially and temperature and temperature velocity all vanish initially.
Then
We introduce the following notations and nondimensional variables:
where c 1 is the dilatational wave velocity in the half-space. Equations (2.8) then reduce to nondimensional forms as
is the magneto-thermoelastic coupling, which reduces to ε the thermoelastic coupling constant for H 0 = 0.
Equations (2.19)-(2.20) admit damped magneto-thermoelastic wave solutions in the half-space. Here C T = c 3 /c 0 , where c 3 = K * /ρC v and C T is the nondimensional finite thermal wave speed corresponding to c 3 which is the finite thermal wave speed of GN model II.
In D : x > 0, that is, x < 0, the equation satisfied by h 0 z reduces to
where β = c 0 /c and 1/β is the Alfv'en acoustic wave velocity of the medium.
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where
The condition of continuity of E-field across x = x = 0 reduces to E y = E 0 y which, by the help of (2.7), (2.9), and (2.12), yields, in nondimensional form, the following equation:
Lastly, the thermal boundary condition gives
The initial conditions are
The nondimensional total stress in the half-space is obtained from (2.14) as
The perturbed magnetic field in the half-space is h z = −H 0 (∂u/∂x) which in nondimensional form reduces to
where h z = (ρc 2 0 /H 0 γθ 0 )h z = nondimensional form of h z . It may be observed that (2.19) and (2.21) are fully hyperbolic but the mixed derivative term on the right-hand side of (2.20) destroys the wave structure. In fact, this equation predicts a non-wave-like heat conduction different from the usual diffusion equation predicted by conventional parabolic heat equation. It is therefore expected that the solutions of the coupled equations (2.19)-(2.20) with coupled boundary conditions (2.22)-(2.23) should be composed of a wave part (dilatational wave) and a diffusive part due to the presence of the thermal damping term in the heat transport equation. As (2.21) (hyperbolic type) uncouples from the system, its solution will be composed of a wave part traveling with Alfv'en acoustic wave speed in vacuum.
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Solution of the problem in the Laplace transform domain. We introduce a potential function φ defined by
Then (2.19), on integrating with respect to ξ, yields
Taking Laplace transform of (2.29), (2.30), and (2.21) and using the initial conditions, we obtain
where s is the Laplace transform parameter. Further (2.26)-(2.27) in the Laplace transform domain become
The boundary conditions (2.22)-(2.24) in the Laplace transform domain reduce to the following:
Elimination of Θ from (2.31) and (2.32) yields Hence,
39)
T . From (2.31) and (2.37), we obtain
Further, (2.33) yields
The constants A 1 , B 1 , C 1 are obtained with the help of the boundary conditions (2.35). Hence, 
Using the approximations (2.44) for large s, we have
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We note the following results after simplification:
(2.47)
We then obtain the final expressions of ϕ, U, Θ, h z , h 0 z , σ 11 in the following forms in ascending powers of 1/s:
(2.53)
We have used the following Laplace inversion formulae [1] :
where the functions erf(x) and the associated complementary error functions of nth degree are defined by
(2.56)
Numerical results and discussion
The small-time solutions for displacement, temperature, stress, and the perturbed magnetic field in the solid reveal that each is composed of an elastic dilatational wave front traveling with unit dilatational speed and a diffusive part (thermal part of the solutions). The displacement and temperature in the solid are both continuous at the elastic wave front while the stress and the perturbed magnetic field suffer finite discontinuities at this location. The discontinuities decay exponentially with distance from the boundary. The solution (2.52) for perturbed field in vacuum represents a wave propagating with Alfv'en acoustic wave 1/β without any attenuation. Further, the perturbed field in vacuum is continuous at Alfv'en acoustic wave front. The finite discontinuities of the stress field and the perturbed magnetic field at the elastic wave front in the solid are not constants and are given by
With an aim to illustrate the problem, we will present some numerical results. We have chosen a copper-like material for which ε T = 0.0168, β 3 = 0.05. We take C T = 2. Using this data, the values of the physical quantities are evaluated as plotted in Figures  3.1, 3.2, 3.3, and 3.4 . for η = 0.25 and in the range 0 < ξ < 0.622 for η = 0.95, which means that it is in opposite direction. Finite jumps in stress and the perturbed magnetic fields at two different instants η = 0.25 and η = 0.95 are exhibited in Table 3 .1.
The results are in complete agreement with the theoretical expression for jumps.
